..-.... ;"' Summary: Nuclear magnetic resonance (NMR) linewidths and relaxation rates for both protonated and deuterated yeast lecithins are smaller than those exhibited by egg lecithin. Relative to egg lecithin, the yeast lecithins contain a much higher percentage of unsaturated fatty acids, and a higher proportion of the saturated fatty acids are short chain. The relaxation times observed for deuterated yeast lecithin are 2-3 fold greater than those in the protonated analogs, thu~ identifying dipolar interactions as a major contributor to transverse relaxation. The possibility of using partially deuterated organisms for NMR studies of membranes is suggested.
From recent studies on unsonicated and sonicated aqueous dispersions of hen egg lecithin (EL) as well as dispersions of synthetic dipalmitoyl and dimyristoyl lecithins, a rough picture of the dynamics of the fluid fatty acid chains in phosphoiipid bilayers has emerged.l-J Proper biological activity is dependent on the fatty acid composition of the phospholipids 4 which in turn is believed to determine the membrane fluidity. 5 ' 6 However, no explicit attempt to use NMR to assess the importance of fatty acid composiion on bilayer fluidity has yet been reported.
We report differences between the fatty acid compositions of yeast and egg lecithins, compare the NMR parameters from dispersions of these lecithins, and relat~ the observed differences to fatty acid mobility in the bilayer.
Additionally, the NMR data from dispersions of lecithin obtained from deuterium enriched yeast permit a partial evaluation of the contribution of the dipolar interactions to the proton relaxation rates.
Experimental
The yeast!:._ pilimanae was grown as previously described 7 with the addi- Proton magnetic resonance (PMR) measurements were taken in both the continuous wave and Fourier modes on a modified Varian HR-220 spectrometer. Samples in non-spinning capillaries were used to measure the spin-lattice relaxation
, an t e transverse re axat1on t1mes, 2 . new1 t s were measure on the continuous wave spectra, and peak areas were determined from Fourier transformed spectra using caffeine as an internal standard. to be pure by thin layer chromatography. The fatty acid methyl esters derived from the lecithin were analyzed by GLC on a column containing 10% DEGS on Chromsorb W. The deuterium content was measured by the method of DiMari. 17 Results and Discussion
Representative continuous wave spectra for unsonicated and sonicated dis- In addition, the T 2 valu.es for the N-methyl protons in the polar region of the molecule change more upon sonication than do the T 2 values for the protons in the methyl and methylene regions.
18 Results from other work '
suggest that bilayers with a high percentage of unsaturated and/or short chain fatty acids would be more fluid and yield narrower NMR lines than their more saturated counterparts. The fatty acid composition of the yeast and egg lecithins are presented in Table 2 , and it is evident that the PYL and DYL are highly unsaturated relative to EL. The NMR data reported above are indeed compatible with the proposal that the fat~y acid chains in these unt sonicated dispersions of YL are more mobile than those in EL.
The importance of dipolar relaxation mechanisms may be estimated by comparing the relaxation times of PYLand DYL dispersions, since the dipolar interactions of a particular proton embedded in a hydrogenated matrix would be reduced.
by a factor of 0.024 were it to be placed in a totally deuterated matrix. The partially deuterated YL used in this work was found to be 70% enriched on the basis of deuterium analysis and integrated PMR spectra. The residual protons cannot be treated as isolated, and quantitative predictions are not feasible because the proton-proton distance distribution function is not known. Qualitatively, however, the effect of deuteration should be to decrease the dipolar contributions to the relaxation rates.
tSince the majority of fatty acids in EL and YL are saturated or monounsaturated and the differences between these two lecithins are confined largely to these fatty acids, we can draw this conclusion only for these classes. Dispersions high in polyunsaturates may not be more fluid. 19 20 These YL results contradict the proposal ' that decreased particle size and the consequent increased particle. tumbling rate account for the sharpening observed in the spectra of sonicated EL. The particle tumbling argument would predict that the unsonicated to sonicated linewidth ratio of YL should be the same as that of EL; such is not the case. The spectra of the various sonicated dispersions are quite similar, while the spectra of the unsonicated dispersions reflect differences in the lecithins used. 'Since it appears that the unsonicated dispersions as observed by NMR are more sensitive to composition than the sonicated dispersions, such dispersions could be fruitfully exploited to study compositional differences. Finally, the resolution-enhancing effect of deuterium substitution may be of value in studying both model and biological membranes where N}ffi work is currently hampered by broad, poorly resolved peaks. . tAll values are +5Hz. The phosphorous spectra were taken .at 31°, and the resonance of the unsonicated sample appears to have both broad and narrow components.
fAll values are +0.01 sec and were obtained by least squares fit to one exponential. As explained in the text, only the slow components of the T2's for the methylene protons are reported.
$The N-methyl and methylene values are +10% and were obtained by least squares fit to one exponential. The methyl ~alues are ±Z5% and were obtained by least squares fit to two exponentials since the peaks occurred as shoulders on the methylene peaks.
-8_- The egg lecithin composition is that of the two samples reported by Kornberg and McConnell.23 The other fatty acids reported for egg lecithin are 20:4, 22:4, and 22:6. In the case of yeast·-_lecithin, the other fatty acids are unidentified acids containing more than 18 carbons.
• . . ,.
-.o Figure 1 . 220 MHz PMR spectra of yeast and egg lecithin dispersions. The spectrum of unsonicated DYL was recorded using a larger sample t,han was used for the other spectra. The changes in relative peak intensities between the PYLand DYL samples reflect variations in the amount of deuterium incorporated·in the different positions of D~L. With the instrument settings used, the HOD peaks were off-scale and therefore were not scanned. .
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